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SUMMARY

OnNovember 17, 2003, a 35-year-old male career
Fire Fighter-Paramedic (FF-P) had just completed
atwo-milerunonthefiresation’streadmill when he
suddenly collapsed. The collapsewaswitnessed by
acrew member (Lieutenant) who called Dispatch
for assistance. Approximately 30 secondslater, the
FF-P had stopped breathing and became pul seless.
The crew member retrieved the station’sautomated
externd defibrillator (AED) and defibrillated the FF-
P while beginning cardiopulmonary resuscitation
(CPR). Other advanced life support (ALS) began
toarriveat thefire station and resuscitation efforts
continued for anadditiona 22 minutes. Unfortunately,
therewasno changein hisstatus, and the FF-Pwas
pronounced dead at the scene by the Medical
Examiner. The death certificate and autopsy,
completed and performed by theMedicd Examiner,
listed “occlusive atherosclerotic cardiovascular
disease” astheimmediate cause of death.

The following recommendations address some
general health and safety issues. Thislistincludes
some preventive measures that have been
recommended by other agenciesto reducetherisk
of on-the-job heart attacksand sudden cardiac arrest
amongfirefighters. Thesesdected recommendations
have not been evaluated by NIOSH, but represent
published research, or consensusvotesof technica
committees of the National Fire Protection
Association (NFPA) or fire service labor/
management groups.

Although unrelated to this fatality, the Fire
Department should consider these
recommendations based on health and economic
consderations:

Provide pre-placement medical evaluations
to ALL fire fighters consistent with NFPA
1582 to determine their medical ability to
perform duties without presenting a
significant risk to the safety and health of
themselves or others

Provide mandatory annual medical
evaluations to ALL fire fighters consistent
with NFPA 1582 to determinetheir medical
ability to perform dutieswithout presenting
a significant risk to the safety and health of
themselves or others

Perform a pre-placement and an annual
physical performance (physical ability)
evaluation for ALL fire fighters to ensure
they are physically capable of performing
the essential job tasks of structural fire
fighting

Provide adequate fire fighter staffing to
ensure safe operating conditions

The Fire Fighter Fatality Investigation and Prevention
Program is conducted by the National Institute for
Occupational Safety and Health (NIOSH). The purpose of
the program isto determine factorsthat cause or contributeto
firefighter deaths suffered intheline of duty. Identification of
causal and contributing factors enable researchers and safety
specialiststo develop strategies for preventing future similar
incidents. The program does not seek to determine fault or
placeblame on firedepartmentsor individual firefighters. To
request additional copies of this report (specify the case
number shown inthe shield above), other fatality investigation
reports, or further information, visit the Program Website at
www.cdc.gov/niosh/firehome.html
or call toll free 1-800-35-NI OSH
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INTRODUCTION & METHODS

On November 17, 2003, a 35-year-old male Fire
Fighter-Paramedic had just finished running on the
treadmill when he suddenly collapsed. Despite
ALS treatment at the scene, the FF-P died.
NIOSH was notified of thisfatality on November
19, 2003, by the United States Fire Administration.
NIOSH contacted the affected Fire Department
on November 25, 2003, to obtain further
information. On February 9, 2004, a Safety and
Occupational Health Specialist from the NIOSH
Fire Fighter Fatality Investigation Team traveled
to Washington to conduct an on-siteinvestigation
of theincident.

During theinvestigation NIOSH personnel met and/
or interviewed:

e TheFreChief

e TheEMSDivisonChief

* TheTraning DivisonChief

e TheFF-Pscrew members
 TheFF-Pswife

* Thewdlnessdlinic

Duringthesite-visit NIOSH personnd reviewed:

*  FreDepatment policiesand operating guidelines
» FireDepartment training records

» TheFire Department annual report for 2003

* FireDepartment incident report

*  FreDepartment phys cal examination protocols
*  Ambulancerecords

* Desathcertificate

* Autopsy report

INVESTIGATIVERESULTS

On November 17, 2003, the FF-Preported for duty
at hisfirestation (Station 12-4) at 0700 hours. He
was on duty with one crew member, hisLieutenant
(LT). Throughout the morning, the crew checked
theapparatus (pumper and water tender), performed
normal houseduties, and attempted to check hydrant

flowsin anew housing development. The crew
returned to the station and ate lunch. During the
afternoon, the crew performed an apparatus
operator drill inwhichthe FF-Poperated the pumper.
After thedrill was completed, the FF-Phung afile
holder and a grease board in the office. At
approximately 1630 hours, the FF-P began his
physicd fitnesstraining.

TheFFPran onthetreadmill for 30 minutes, running
approximately two miles. During this time he
complained of indigestion, but he continued his
workout. After hecompleted 30 minutes, the FF-P
sat down to stretch hismuscles. Suddenly the FF-P
laid down and appeared to be snoring and having a
seizure (body stiffened). The crew member
witnessing thisincident checked the FF-P svitd signs
and found himto beunresponsive, breathing, witha
pulse, but fiff. Thecrew memberimmediately caled
911 for aseizure (1712 hours) and Ambulance 1607
wasdispatched. The crew member saw the FF-P
relax, and upon checking the FF-P, found himto be
unresponsive, pulsaess, and not bresthing. Thecrew
member retrieved an automated externa defibrillator
(AED) and oxygen equipment and began CPR (chest
compressionsand mouth-to-mask respirations). The
FF-Pregurgitated and the crew member suctioned
hisairway. Anora airway wasinserted into the FF-
P’'stracheato keep the airway open. The Fire
Chief arrived at the scene at approximately 1715
hours and assisted. At 1716 hours, the crew
member called Dispatch to alert them of the change
in patient status.

Attached to the FF-P, the AED advised “ Shock
Advised” and oneshock (defibrillation) wasdelivered
at 1719 hourswith no changein patient status. The
AED *“analyzed the patient” and no shock was
advised. CPR was continued and oxygen (100%)
wasadministered viabag-vave-mask (BVM). The
City Police Chief arrived and provided assistance
with CPR.
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TheAmbulancearrived at the sceneat 1724 hours
(12 minutes post collapse) and re-evaluation by
the ambulance staff found the FF-P to be
unresponsive, pulseless, and not breathing. A
cardiac monitor attached to the FF-P revealed
asystole (no heart beat) at 1731 hours. The FF-
Pwasintubated and tube placement was confirmed
by auscultation (bilateral breath sounds) and with
a capnometer (measures exhalation for carbon
dioxide). Anintravenous(1V) linewasplaced and
cardiac resuscitation medications were
administered with no change in patient status.
After 22 minutesof AL Sresuscitation efforts (total
of 33 minutes), hisheart condition did not improve
(he remained in asystole). Per County ALS
protocol s the emergency department physician
was contacted, patient information discussed, and
the physician advised to ceaseresuscitation efforts.
The coroner was notified, arrived at the scene,
and the FF-P was pronounced dead at 1745
hours.

Medical Findings. Thedegth certificate, completed

by the Medical Examiner, listed “occlusive

atherosclerotic cardiovascular disease” as the

immediate cause of death. Pertinent findingsfrom

theautopsy, performed by the M edica Examiner on

November 18, 2003, included:

* Heatweighing400grams

Atherosclerotic cardiovascular disease
100% occlusionintheright coronary artery
witharight dominant coronary artery system
75% stenosisinthecircumflex artery
75% stenosisin theleft anterior descending
atery

* 0.7 centimeter area of increased consistency
whichisdightly grayer than adjacent aressinthe
posterior latera aspect of theleft ventricular wall
intheapical third

*  Nothrombi or emboli

* Nofibross

* Drugandalcohol testswerenegative

Training - Washington

On autopsy, the deceased weighed 175 pounds and
was 68 inchestall, giving him abody massindex
(BM1) of 27 kilograms per square meter (kg/m?).
(A BMI between 25 and 29.9 kg/m?is considered
overweight).2 According tothe FF-P swifeand Fire
Department personnel, the FF-P walked and ran
regularly. At hispre-placement physica examination
inApril 2003, the FF-Pweighed 169 pounds, had a
blood pressure of 122/78 millimeters of mercury
(mmHg), cholesterol level was 233 milligrams per
deciliter (mg/dL)(norma 150-200mg/dL), LDL leve
was174mg/dL (normal 68-100mg/dL), HDL 38.9
mg/dL (norma >40mg/dL), cholesterol/HDL ratio
was5.99 (normal <5.0), and hisLDL/HDL ratio
was4.47 (norma 0-4.22). The FF-Pwasdiagnosed
with hypercholesterolemia, notified of theresults, and
advised to continue exercise and eat alow fat, low
cholesterol diet. He exercised for 21 minutes, 30
secondsonthe Balke Treadmill Test?, achieving 13
metabolic equivaents (METS) and 102% of his
predicted maximum heart rate. Hisblood pressure
responsewasnormal.

During the shift three daysprior to hiscollapse, the
FF-Psuffered ahipinjury whiletesting afirehydrant.
Later during the shift whilerunning onthetreadmill,
he complained of indigestion, stopped after
approximately 15 minutes, and could not continue.
However, after he sat down a short time, the
indigestion subsided. Heonly complained of hippan
over theweekend prior to hisdeath. The FF-P had
participated in theAtkinsdiet for approximately 8
months and had lost approximately 54 pounds,
althoughinthelast month hewasnot following the
Atkins diet plan. He was not prescribed any
medications.

DESCRIPTION OF THE FIRE
DEPARTMENT

At the time of the NIOSH investigation, this
combination Fire Department consisted of 45
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uniformed personnel (9 career and 36 volunteer).
The Department served apopulation of 12,500in
anareaof 65 squaremiles. Thereare4firestations
(3 staffed and 1 volunteer). TheFD also provides
AL Smedical service; however patient transport is
provided by aprivate ambulance company. Fire
fighterswork thefollowing schedule: 24 hourson-
duty, 48 hours off-duty, 0700 hoursto 0700 hours.

In 2003, the Department responded to 1,118 calls,
including: 808 medical callsand 310fire-related
cals.

Training. The Fire Department requires al new
career firefighter applicantsto be a State-licensed
paramedic, passabasic gptitudetest, passamodified
Cooper physical assessment and aphysical agility
test, pass a situational assessment, pass a
psychological exam, andaChiefs’ interview prior to
being hired contingent on passing adrug screenand
apre-placement physica examination performed by
aCounty-contracted clinic. Thenewly hiredfire
fighter candidate then receives a two-week
orientation and is sent to the 10-week State Fire
Training Academy to becomecertified asFreFighter
| and Hazardous Materials Operationslevel. The
new firefighter then completes another 10-week
orientation based on company operationsandisthen
assigned ashift. Duringthe probationary first year,
thefirefighter beginsapparatusoperator training.

TheFire Department requiresall new volunteer fire
fighter applicantsto complete an application, passa
multi-state crimina background check, pass a
physical agility test, a written test, physical
examination, and an oral examination prior to being
selected. Once selected, the new volunteer issent
toajoint training facility for the 6-week Basic Fire
Fighter Academy. Oncethevolunteer hascompleted
thistraining, thefirefighter isassigned astation and
shift (must complete 24-hours monthly) and must
completeatask book based on company operations.

The physical agility test (atwo-part test used to
assess general physical fitness and the ability to
perform job functions) consistsof thefollowing:
* Generd Physcd Fitness
o Complete 30 bent-knee situpsin 60 seconds
o Complete 25 push-ups
o Completea2-milerunin 17 minutes
* JobFunctionAbility
o Lift a16-foot roof ladder from the ground,
properly placeit onan engineladder rack, then
return theladder to theground
o Equipment carry
» Liftacircular ssaw and achainsaw (onein
each hand), carry them for 200 feet, and
placethem ontheground
o Climba75-foot aeria ladder placed at a60-
degree angle while wearing gloves, coat,
helmet, and an SCBA without mask
o Negotiate through a padded narrow maze
approximately threefeet in diameter on hands
and kneeswhilewearing blacked-out SCBA
mask, structural firefighting coat, gloves,
helmet, and SCBA

Recurrent training occursdaily on each shift. State
firefighter certificationisvoluntary. Thereisno
mandatory annual refresher training. EMTsand
Paramedicsrecertify every threeyears. The FF-P
was certified asaFireFighter |, EMT-Paramedic,
and in Hazardous M aterials Operations. Hehad 6
months of fire fighting experience and 12 years
experienceasaparamedic.

Pre-placement Evaluations. The FD requires a
pre-placement medical evaluation for career fire
fighter candidates only, regardless of age.
Componentsof theevauationinclude:

* A completemedica history

e Phydcd examindion

e Vitddgns
* Visonscreening
* Audiogram
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* Bloodanayss: lipid pand completeblood count

* Urinedipstick
* Drugscreen
o Chestx-ray

e 12-leadresting eectrocardiogram (EKG)
* Hepatitisscreening (HepatitisB)

*  Pulmonary Function Test (Spirometry)

» ExerciseTreadmill Test (Bakeprotocol)®

These evaluations are performed by a contract
physician hired by the County, who then makesa
decisonregarding medica clearancefor firefighting
duties. Thisdecisionisforwarded totheFireChief.

Periodic Evaluations. Periodic medica evaluations
arenot offered by thisDepartment. Annua physical
ability testingisnot required. Medical clearancefor
respirator useisrequired annualy.

If an employeeisinjured at work, or isill and off
work (depending on the injury or illness), the
employee may have to be evaluated by the Fire
Department-contracted physician, who forwards
their recommendation regarding “ returntowork” to
the Fire Chief, who makesthefinal determination.

Exercise (strength and aerobic) equipment islocated
in all fire stations. The FD isin the process of
purchasing additional exerciseequipment for al its
firestations. Mandatory wellness/fitness programs
arein placefor the Department. Health/wellness
mai ntenanceinformationisavailablefromthe County.

DISCUSSION

In the United States, coronary artery disease
(atherosclerosis) isthemost common risk factor for
cardiac arrest and sudden cardiac death.* Risk
factorsfor itsdevel opmentincludeageover 45, mde
gender, family history of coronary artery disease,
smoking, high blood pressure (systolic >140
millimetersof mercury [mmHg] or diastolic > 90

Training - Washington

mmHg), high blood cholesterol (total cholesterol >
240 milligramsper deciliter [mg/dL]), obesity/physca
inactivity, and diabetes>® Thevictim had two of these
risk factors(ma e gender and high blood cholesteral).
Hehad participated intheAtkinsdiet for 8 months
and had lost approximately 54 pounds. Thereare
differing viewpointson any possiblelinks between
the high-fat, low carbohydrate Atkins diet and
cardiovascular disease. °

The narrowing of the coronary arteries by
atherosclerotic plagues occurs over many years,
typically decades.* However, the growth of these
plaques probably occursin anonlinear, often abrupt
fashion.®? Heart attacks typically occur with the
sudden development of complete blockage
(occlusion) inoneor morecoronary arteriesthat have
not developed a collateral blood supply.®* This
sudden blockage is primarily due to blood clots
(thrombosis) forming onthetop of atherosclerotic
plaques. Thedeceased did not haveablood clot on
autopsy but hedid have evidence of atherosclerotic
diseasein hiscoronary arterieswith 200% narrowing
of theright coronary artery, and 75% narrowing of
theleft anterior descending coronary artery andthe
circumflex coronary artery.

Atherosclerosis in a coronary artery may cause
ischemic heart disease which occurswhentheblood
flow within a coronary artery, probably the right
coronary artery inthiscase, islimited to the point
wherethe oxygen needs of the heart muscle cannot
be met. Chronic ischemic heart disease causes
hypertrophy of the heart muscle and cardiomegaly.
All of thesefactors, independently andincombination
(ischemia, cardiomegaly, or myocardid infarction),
increasetherisk of cardiac arrhythmiaand sudden
cardiac death.

Itisalso possible/probablethat the FF-P suffered a
heart attack. Theterm“probable” isused because
autopsy findings (thrombusformation), blood tests
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(cardiacisoenzymes), or ECGfindingsarerequired
to“confirm” aheart attack [myocardial infarction
(M1)]. Thevictimdid not have acoronary artery
thrombus on autopsy; hedied prior to the cardiac
isoenzymes becoming positive, and hehad no heart
beat to show the characteristic findings of aheart
attack onhiseCG

Anginaisthemaost common presenting Symjptom of
myocardial ischemiaand underlying CAD, butin
many persons the first evidence of CAD may be
myocardial infarction or sudden death.'* Some
individuasmay not experienceanginawithischemia,
as evidenced by up to 20% of heart attacksbeing
“dlent,” i.e, painless Ontheother hand, sometimes
atypical symptoms (indigestion, left arm pain, jaw
pain, etc.) can bean expression of angina. TheFF-
P's indigestion may have been an atypical
presentation of angina. He did not report any
episodesof chest painduring physicd activity (only
indigestion), whileperforming dutiesasafirefighter,
or off-the-job.

Firefightingiswidely acknowledged to beoneof the
most physically demanding and hazardous of all
civilian occupations.®® Firefighting activitiesare
strenuousand often requirefirefighterstowork at
near maximal heart rates for long periods. The
increasein heart rate has been shownto beginwith
responding to theinitial alarm and persist through
the course of fire suppression activities*® Even
when energy costs are moderate (as measured by
oxygen consumption) and work isperformedina
thermoneutra environment, heart ratesmay behigh
(over 170 beatsper minute) owing to theinsulative
properties of the personal protective clothing.®
Epidemiologic sudieshavefoundthat heavy physca
exertionsometimesimmediately precedesandtriggers
the onset of acute heart attacks.”?® The deceased
ranfor approximately two mileswithin a30-minute
timeframeonthetreadmill. Thisisconsdered avery
heavy level of physical exertion.?*? Thephysica

dressof exercising and hisunderlying atherosclerotic
CAD contributed to thisfirefighter’scardiac arrest
and sudden desth.

RECOMMENDATIONS

Thefollowing recommendationsaddresshealthand
safety generdly. Thislistincludessomepreventive
measures that have been recommended by other
agencies to reduce the risk of on-the-job heart
attacksand sudden cardiac arrest among firefighters.
Theserecommendationshave not been eva uated by
NIOSH, but represent published research, or
consensusvotesof technical committeesof theNFPA
or fireservicelabor/management groups.

Althoughunrdaedtothisfatdity, the Fire Department
should consider these recommendations based on
hedlth and economic considerations:

Recommendation #1. Provide pre-placement
medical evaluations to ALL fire fighters
consistent with NFPA 1582 to determine their
medical ability to perform duties without
presenting a significant risk to the safety and
health of themselves or others.

Guidance regarding the content and frequency of
periodic medical eval uationsand examinationsfor
firefighterscan befound in NFPA 1582, Standard
on Comprehensive Occupationa Medica Program
for Fire Departments,®® and in the report of the
I nternationd Association of FreFighters/Internationd
Association of Fire Chiefs(IAFF/1AFC) wellness/
fitnessinitiative.?” The Department isnot legally
requiredtofollow any of these standards.

Thesuccessof medica programshingeson protecting
the effected firefighter. The Department must 1)
keep the medical records confidential, 2) provide
dternateduty postionsfor firefightersinrehabilitation
programs, and 3) if thefirefighter isnot medically
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qudifiedtoreturntoactivefirefightingduties, provide
permanent alternate duty positions or other
supportive and/or compensated dternatives.

Recommendation #2: Provide mandatory
annual medical evaluationstoALL firefighters
consistent with NFPA 1582 to determine their
medical ability to perform duties without
presenting a significant risk to the safety and
health of themselves or others

Guidance regarding the content and frequency of
periodic medical eval uationsand examinationsfor
firefighterscan befound in NFPA 1582, Standard
on Comprehensive Occupationa Medica Program
for Fire Departments,®® and in the report of the
I nternationd Association of FreFighters/Internationd
Association of Fire Chiefs (IAFF/1AFC) wellness/
fitnessinitiative.?” The Department isnot legally
requiredtofollow any of these standards.

Thesuccessof medica programshingeson protecting
the effected firefighter. The Department must 1)
keep the medical records confidential, 2) provide
dternateduty postionsfor firefightersinrehabilitation
programs, and 3) if thefirefighter isnot medically
qudifiedtoreturntoactivefirefightingduties, provide
permanent alternate duty positions or other
supportive and/or compensated dternatives.

Recommendation #3: Perform a pre-placement
and an annual physical performance (physical
ability) evaluation for ALL firefighterstoensure
fire fighters are physically capable of
performing the essential job tasks of structural
fire fighting

NFPA 1500 requiresfire department memberswho
engage in emergency operations to be annually
evaluated and certified by the fire department as
meeting the physical performance requirements
identifiedin paragraph 8-2.1.%

Training - Washington

Recommendation #4: Provide adequate fire
fighter staffing to ensure safe operating
conditions.

Currently, the FD staffsitsengineswith two-three
personnel and itsladderswith two-three personnel.
NFPA 1710 requires that “on-duty personnel
assignedto fire suppression shal be organized into
company unitsand shall have appropriate apparatus
and equi pment assigned to such companies.”® Those
companies may respond with two apparatus,
depending on the seating configuration of the
apparatusto ensurefour personnd arriveon scene.®
Personnd assignedtotheinitid arriving company shdll
have the capability to implement an initial rapid
intervention crew (IRIC),* which requires four
personnel (two to enter the structure and two
standing by outside). NFPA 1500 recommendsthat
“membersoperating in hazardousareasa emergency
incidents shall operateinteamsof two or more.” %
Understaffing causes those members on-sceneto
work harder and for longer periods of time.
Additiondly, it requirestheuseof extrafirecompanies
inorder to meet thedemand for manpower. Engine
and L adder Companies should be staffed with four
personnd a aminimum.
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